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Aleutian Isles, E. China and
Japan, E. Indies and New Zealand;
the Mediterranean-Himalayan belt,
which extends from the Cape
Verde Is., through Spain and Por-
tugal, Italy and the Alps, the
Balkans, Asia Minor, the various
Himalayan ranges to Burma and
China, where it joins the Circum-
Pacific belt. Subsidiary zones are
the Rift Valleys of E. Africa, and
the Mid-Atlantic Swell, which juns
from Iceland to approximately
Ascension Is. Few earthquakes
have been recorded from those
roughly level stable regions that
/ire built of ancient rocks. Earth-
quakes associated with earth
movements are referred to as
tectonic earthquakes ; they are of
much greater intensity than are
volcanic earthquakes, which occur
near active volcanoes.

Cause and Degree of Earthquakes
The earth's crust is being con-
tinually deformed by slow internal
movements, many of which occur
in recognized fault zones. As long
as the movement is slow and con-
tinuous, it is felt only by delicate
instruments ; but if some resis-
tance restrains this slow move-
ment, stresses in the earth's crust
pile up until they become stronger
than the resistance. A sudden slip
follows, and the vibrations set up
cause an earthquake. The San
Francisco earthquake in 1906 was
caused by a sudden slip on the San
Andreas fault. The horizontal
shift in this case was in places over
20 ft. Fences, roads, and water
courses were displaced laterally.
At Yakutat Bay, Alaska, in 1899,
sudden movement on a fault re-
sulted in a local uplift of the sea-
coast of nearly 50 ft.

The slip does not take place
over the whole length of the fault,
which may measure hundreds of
miles; it is distinctly localised.
The point or zone of origin of an
earthquake is called the focus. In
normal earthquakes it lies at Jess
than 30 m. below the surface, in
intermediate earthquakes at be-
tween 30 and 150 m,, and in deep-
focus earthquakes down to about
450 m. The epicentre, where the
maximum effect of the earthquake
is felt on the ground surface, lies
vertically above the focus. The
intensity of the shock at different
points on the ground can be esti-
mated by the nature of the dam-
age done to buildings, etc. This
damage has been classified and
standardised in two scales, the
Rossi-Forel scale and the Mercalli
scale. By plotting the damage
according to its degree by one of
these scales, zones of equal inten-

sity are mapped around the epi-
centre. Their boundaries are called
isoseismal (iso, Gr. equal). They
are roughly concentric around
the epicentre.

The 12 degrees of Mercalli's
Scale, modified by A. Holmes
(1944), are: (1) instrumental:
detected only by seismographs:
(2) very feeble : noticed only by
sensitive people ; (3) slight: felt
by people at rest ; (4) moderate :
felt by people in motion : (5)
rather strong: people are wak-
ened, bells ring; (6) strong :
slight damage; (7) very strong :
walls crack, alarm is general ; (8)
destructive : chimneys fall; (9)
ruinous : some houses fall; (10)
disastrous : many buildings de-
stroyed ; (11) very disastrous:
few structures left standing, ground
fissured; (12) catastrophic : total
destruction, objects thrown into
the air, ground badly twisted.

The instrument for recording
vibrations from earthquakes is
known as a seismograph. It is
mounted on a heavy masonry
pillar let into the ground at a point
free from local vibrations from
traffic, etc. A delicately suspended
lever carrying a heavy weight, the
inertia of which keeps the lever
stationary when the instrument
and its foundation respond to the
vibrations, is connected with and
keeps steady a rotating drum on
which a pen or other device form-
ing part of the instrument records
any motion to which the ground
has been subjected.

Determining the Epicentre

Different types of vibrations
emanate from an earthquake ; the
fastest are longitudinal vibrations
or P-waves, which vibrate in the
direction in which they are travel-
ling. Next are transverse, shake-
or S-waves, which vibrate at right
angles to the path along which
they move. Thirdly there are long-
or L-waves, which travel in the
earth's crust only and are the slow-
est. The L-waves are the most
damaging. The accurate timing of
the arrival of the different types of
waves at an observing station,
together with the known speeds of
these types, affords from the
measured time intervals (e.g. ** R "
time minus " P " time) the means
to calculate the distance of the
station from the focus. When the
distances from three suitably
placed stations are known, the
position of the epicentre can be
determined. If there are three
seismographs at one station, re-
cording vertical earth movements
as well as movements in each of
the N,-S. and E.-W, direction*, it

is possible to deduce the epicentre,
independently, from a complete
record of these three components.
As a rule, however, only large
earthquakes provide sufficient in-
formation to make it possible to
locate the epicentre in this way,
without reference to the records
from other stations.
Earthquake waves are reflected
and refracted at discontinuities, or
surfaces of different types of rock-
matter, inside the earth. From a
study of the so-called travel-times
of the waves, it is possible to draw
important conclusions regarding
the inaccessible internal layers and
core of the earth. Geophysical
prospectors (exploring e.g. for pos-
sible oilfields) deduce facts about
local geological structure from the
behaviour of the waves of artificial
earthquakes generated by explo-
sive charges.
Submarine Earthquakes
Near the epicentre of a disas-
trous earthquake, the ground
heaves in moving waves compara-
ble to sea-waves in appearance.
They are naturally more obvious
in alluvium, artificially filled
ground, or recent unconsolidated
sediments than in solid rock. They
cause the ground to crack open,
and sand-laden springs to gush
out. Under-surfacp pipe-lines are
broken, and extensive damage by
fire due to burst gas-mains and
broken electrical wires is added to
that caused directly by the earth-
quake waves. In mountainous
areas landslides occur, which may
dam rivers or divert them. Sub-
marine landslides of unconsoli-
dated sediment off the coast are
common. Submarine earthquakes
often produce enormous sea-waves
or Tsunamis (Jap). These are very
destructive, as at Lisbon in 1755,
and more recently in the Sanriku
earthquake (Japan) in 1933. Here
the waves reached a maximum
height of 93 ft.
The design of buildings to with-
stand earthquake shocks has im-
proved in the 20th century. Steel
frame or reinforced concrete build-
ings are efficient, if kept below 100
ft. in height, with light roofs and
upper structures. Buildings on
deep foundations and massive
concrete-raft foundations have
also stood shocks well. See Earth
Movement; Fault; Geology ;
etcetera. Consult cilao Earth-
quakes and Mountains, H. Jeff-
reys, 1935 j Great Earthquakes.
C. Davidson, 1936 ; Earthquakes,
J. Milne and A. W. Lee, 1939;
Principles of Geology, A. Holmes,
1944.
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